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Abstract

There is an urgent need for highly sensitive, specific, rapid, economical tools for early diagnosis of dengue virus infection (DVI). 
IgM anti dengue has been used as a marker for primary DVI, but it still remains in the circulation for 3 - 8 months, while IgG anti 
dengue is a better marker for secondary DVI. IgA anti dengue test is a new marker expected to be useful for the detection of primary 
and secondary DVI, but there is limited research regarding the performance of IgA anti dengue particularly in Indonesian popula-
tion. A cross-sectional study was done in February-April 2013. Subjects were DVI patients (n = 37) and non-DVI patients (n = 37). 
Serum was examined for NS1, IgM, and IgG anti dengue using ELISA, IgA anti dengue examination was done using rapid test POCT 
(ASSURE@ Dengue IgA) by reverse flow immunochromatography method. Performance of IgA anti dengue was analysed using 2 x 2 
table with a confidence interval of 95%. Cut-off value of IgA anti dengue was determined using ROC curve. IgA anti dengue showed 
a sensitivity and specificity of 83.3% and 81.1%, respectively. Sensitivity for secondary DVI (85%) was higher than primary DVI 
(80%) due to switching of IgM to IgG and IgA anti dengue. IgA anti dengue cut-off value of 0.2 showed 83.8% and 81.1% sensitivity 
and specificity, respectively. The capability of dengue IgA rapid test in detecting DVI was better than IgM anti dengue ELISA. IgA anti 
dengue rapid test showed a good performance, thus it can be used as a diagnostic tool for DVI, particularly in endemic regions with 
limited facilities.
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APC: Antigen Presenting Cells; CI: Confidence Interval; DF: Dengue Fever; DHF: Dengue Haemorrhagic Fever; DSS: Dengue Shock Syn-
drome; DVI : Dengue Viral Infection; ELISA: Enzyme Linked Immunosorbent Assay; HEV: High Endothelial Venules; Ig: Immunoglobuline; 
IR: Incidence Rate; MALT: Mucosa- Associated Lymphoid Tissues; NPV: Negative Predictive Value; NS1: Non-Structural 1; POCT: Point-Of-
Care Testing; PPV: Positive Predictive Value; ROC: Receiver Operating Characterized; Sn: Sensitivity; Sp: Specificity; WHO: World Health 
Organization

Introduction
Dengue virus infection (DVI) is a transmitted disease caused by dengue virus from Flavivirus genus, and family of Flaviviridae [1]. This 

disease has a broad clinical spectrum and clinical course that is difficult to be predicted, ranging from asymptomatic, dengue fever (DF), 
dengue haemorrhagic fever (DHF) and dengue shock syndrome (DSS) [2-4]. DVI still remains a global health problem. World Health Or-
ganization (WHO) recorded that the incidence of DVI increased 30 times in the last of 50 years and it is estimated that 50 million of DVI is 
occuring every year [5]. As much as 2.5 billion people living in dengue endemic countries in which Asia ranks as first regarding the large 
number of DHF patients every year [6]. Indonesia is an endemic country of DVI with the highest case of DVI in Southeast Asia. Incidence 
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rate (IR) of DHF in Indonesia was 41.25 per 100.000 people in 2013 [7]. Highly sensitive, specific, rapid, economical tool for early diagno-
sis of DVI is urgently needed, particularly in endemic region.

Diagnosis of DVI is established by serology examination such as non-structural 1 (NS1) antigen detection and IgM, IgG and IgA anti 
dengue antibody detection using point-of-care testing (POCT) or Enzyme Linked Immunosorbent Assay (ELISA) [4,8]. IgM anti dengue 
is generally detected in the blood after 5 days of fever onset. IgM anti dengue remains in the circulation until 3 or 8 months. In endemic 
regions, it can cause high false positive results, that reflects past dengue infection but not current infection. IgA anti dengue remains in the 
circulation for a shorter period of time, therefore it really helpful for diagnosis of DVI particularly in endemic regions. Moreover, IgM anti 
dengue is frequently not detected in secondary DVI [9-11]. IgA anti dengue secretion is higher in secondary DVI [9,10]. IgA anti dengue is 
expected to be more superior than IgM anti dengue for diagnosis of DVI especially in secondary DVI.

IgA anti dengue commercial kit using POCT is now available. POCT is useful for diagnosis of DVI especially when ELISA method is dif-
ficult to be done due to limited facilities. The advantages of POCT are easier, faster, and economical, but the diagnostic value must remain 
a concern.

IgA anti dengue assay is a new marker for DVI according to several studies [11,12], but there is still lack of studies regarding the diag-
nostic value of IgA anti dengue using POCT in the Indonesian population. This study aimed to analyse the performance of IgA anti dengue 
using POCT for diagnosis of DVI, so it can be used for clinical management, surveillance and outbreak investigations.

Materials and Methods

This was a diagnostic research with cross sectional design done in February-April 2013. Subjects were taken consecutively consist-
ing of 2 groups (DVI and non-DVI patients) in the Tropical and Infectious Disease Ward, Department of Internal Medicine, Dr. Soetomo 
Hospital Surabaya, Indonesia. 

DVI group consisted of dengue fever (DF) and DHF patients supported by one positive result of dengue serology examination (NS1 or 
IgM or IgG anti dengue). Non-DVI group consisted of patients with negative results of NS1, IgM and IgG anti dengue, and has been proven 
as non dengue infection by laboratory results. Informed consent must be given to all subjects. Criteria for sample rejection was having an-
other disease such as diabetes mellitus, autoimmune diseases, immunodeficiency, hepatitis B, hepatitis C, hematology disorders, chronic 
kidney disease, heart failure, hepatic failure, liver cirrhosis and malignancy.

Immune status was determined as primary or secondary DVI according to the ratio of IgM/IgG anti dengue; primary DVI if >1,2, sec-
ondary DVI < 1,2 [1]. This study has been approved by the Ethical Commitee of the Dr. Soetomo Hospital Surabaya.

Laboratory examination was performed in the Clinical Pathology Laboratory, Dr. Soetomo Hospital Surabaya. IgA anti dengue was ex-
amined using POCT, namely ASSURE (MP Diagnostics), IgM and IgG anti dengue detection using Panbio Dengue Duo IgM and IgG capture 
ELISA (Panbio Diagnostics), and NS1 detection using Dengue Early Diagnostic NS1 Panbio (Panbio Diagnostics). 

Principle and Procedure of IgA Anti Dengue ASSURE

The principle of assay is reverse flow immunochromatography. Antibody in the sample (serum, plasma or whole blood) binds with im-
mobilized dengue virus antigen in the nitrocellulose membrane and formed antigen-antibody complex. This complex will be detected by 
goat anti-human IgA gold conjugate, thus giving a pink purple colour of the test line. Control line contains protein-L that will capture IgA 
anti dengue in the sample and binds with anti-human IgA gold conjugate [13]. The procedure of assay was as follows : [13]

1.	 25 µL of serum sample was pipetted into the square well.

2.	 Sample moved up through the nitrocellulose membrane and waited until reached the indicator line (blue line).

3.	 3 drops of buffer was added into the oval well.
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4.	 IgA Den lable was pulled down, then added by 1 drop of buffer into the square well.

5.	 Result was read in 20 minutes, as the pink purple colour arose in the control line and test line.

The result of IgA anti dengue was interpreted according to the intensity of the colour in the test line compared to the intensity scale 
available in the kit. The intensity scale ranges from 0.2 to 3.0. Positive result was determined if the intensity of the colour in the test line 
was ≥ 0.2 (Figure 1) [13].

A B C

Figure 1: Assay results and colour intensity scale of IgA anti dengue [13].

A. Positive result
B. Negative result

C. Colour Intensity scale

Statistical Analysis

Diagnostic value of IgA anti dengue was compared to gold standard the 1997 WHO criteria and one positive result of dengue serology 
examination (NS1/IgM anti dengue/IgG anti dengue). Sensitivity, specificity, positive predictive value, negative predictive value and posi-
tive likelihood ratio of IgA anti dengue were analysed using 2 x 2 table with a confidence interval of 95%. Cut off value of IgA anti dengue 
in DVI was determined using receiver operating characterized (ROC) curve.

Results and Discussion

This study comprised 37 samples in DVI group and 37 samples in non-DVI group. Majority of DVI patients was secondary DVI (73%). 
Based on severity, DHF was mostly found in this study (70.3%), especially DHF grade II (43.2%) (Table 1). Non-DVI group consisted of 
patients with typhoid fever, malaria, leptospirosis, hepatitis A, pneumonia and urinary tract infection as proven by laboratory results 
(Table 2).
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Variables n Percentage (%)
Sex 
Male 
Female

17 
20

45.9 
54.1

Day of fever 
1-2 
3-4 
5-6

2 
19 
16

5.4 
51.4 
43.2

Immune status 
Primary 
Secondary

10 
27

27 
73

Severity 
Dengue fever

11 29.7

DHF grade I 8 21.7
DHF grade II 16 43.2
DHF grade III 2 5.4
Total DHF 26 70.3

Table 1: Characteristics of subjects in DVI group (n = 37).

Diagnosis n (%)
Malaria 4 (10.8)
Typhoid fever 8 (21.6)
Hepatitis A 7 (18.9)
Leptospirosis 2 (5.5)
Pneumonia 8 (21.6)
Urinary tract infection 8 (21.6)

Table 2: Characteristics of subjects in non-DVI group (n = 37).

Dengue serology examination revealed that the percentage of positive IgA anti dengue was more than IgM anti dengue. The percentage 
of positive IgA anti dengue was almost equal to IgG anti dengue. The percentage of positive NS1 was the lowest (32%) (Figure 2).

Figure 2: Percentage of NS1, IgA, IgM, and IgG anti dengue in DVI.
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The percentage of positive IgA anti dengue was more than IgM anti dengue as well as NS1 according to the day of fever. At the begin-
ning of the day of fever, percentage of positive IgA anti dengue was 100%, while M anti dengue was only 50% and NS1 showed no positive 
results. In day 3 - 4, the proportion of IgA anti dengue was equal to IgM anti dengue, while NS1 was lower. In day 5 - 6, the positive result of 
IgA anti dengue was higher than IgM anti dengue or NS1 (Figure 3). The percentage of positive IgA anti dengue in DF and DHF was higher 
than IgM anti dengue or NS1, but almost equal to IgG anti dengue (Figure 4).

Figure 3: Percentage of NS1, IgA, IgM, and IgG anti dengue in DVI based on the day of fever.

Figure 4: Percentage of NS1, IgA, IgM, and IgG anti dengue in DVI based on severity.

Diagnostic sensitivity and specificity of IgA anti dengue were 83.8% and 81.1%, respectively (Table 3). Sensitivity of IgA anti dengue 
in secondary DVI was higher than primary DVI, 85% and 80%, respectively. Sensitivity of IgA anti dengue in primary and secondary DVI 
was higher than IgM anti dengue using ELISA (Table 4).
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Parameter Sn (%) 
(CI 95%)*

Sp (%) 
(CI 95%)

PPV (%) 
(CI 95%)

NPV (%) 
(CI 95%)

IgA Anti 
dengue

83.8 
(67.3-93.2)

81.1 
(64.3-91.4)

81.6 
(65.1-91.7)

83.3 
(66.5-93.0)

*CI: Confidence interval, Sn: sensitivity, Sp: specificity, PPV: Positive predictive value, NPV: Negative predictive value

Table 3: Performance of IgA anti dengue using POCT.

Parameters Sensitivity (%)
Primary DVI 

(CI 95%)
Secondary DVI 

(CI 95%)
Total 

(CI 95%)*
NS1 ELISA 79 (63-95) 53 (41-64) 59 (49-69)
IgM anti dengue ELISA 71 (53-89) 75 (65-85) 74 (65-83)
IgG anti dengue ELISA 50 (30-70) 89 (83-96) 89 (83-95)
IgA anti dengue POCT 80 (63-95) 85 (78-93) 83.8 (67.3-93.2)

Table 4: Sensitivity of IgA anti dengue compared to other dengue serology results of ELISA.

IgA anti dengue cut-off value of 0.2 showed sensitivity and specificity of 83.8% and 81.1%, respectively. Cut-off value of 0.5 showed 
sensitivity and specificity of 35.1% and 94.5%, respectively. Cut-off value of 1.0 showed sensitivity and specificity of 16.2% and 97.3 %., 
respectively. Area under the curve of IgA anti dengue was 83.5 % (Figure 5).

Figure 5: Cut-off value of IgA anti dengue in DVI.

Characteristics of subjects in this study revealed that DHF patients was predominantly. Secondary DVI was higher than primary DVI. 
This was due to majority subjects who were young-adults. DVI occurring in young-adult patients was predominantly secondary DVI [14]. 
Moreover, Indonesia is an endemic country for DVI, so almost all dengue serotypes from DENV-1 to DENV-4 spread and circulate, resulting 
in a high opportunity for secondary DVI. Secondary DVI correlates with dengue severity. Heterotypic secondary infection usually causes 
manifestation as DHF [15-17]. This is appropriate with the result of this study that majority subjects were DHF. Secondary DVI also stimu-
lates immune system to produce IgA anti dengue in high level through rapid seroconversion of memory cells from past infection [18]. 
Therefore, this study found that the positivity of IgA anti dengue was higher than IgM anti dengue or NS1.
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The percentage of positive IgA anti dengue at the beginning until the sixth day of fever was higher than NS1 and IgM anti dengue. This 
was due to the majority of samples in this study which was secondary DVI. According to the serology pattern of secondary DVI, the pres-
ence of IgA anti dengue is high at the beginning of fever until the seventh day of fever, while IgM anti dengue is firstly detected at the fifth 
day of fever. In several cases, IgM anti dengue firstly appears at the 20th day of fever and in about 30% of cases is undetected [10,11,19]. 
Rising of IgA anti dengue at the first day of fever is caused by the involvement of mucosa- associated lymphoid tissues (MALT). Dengue 
virus multiplicates in the antigen presenting cells (APC) and stimulates local immune cells to activate plasma cells and produce IgA anti 
dengue that will enter into the circulation through high endothelial venules (HEV) [17]. IgA anti dengue ASSURE uses dengue virus anti-
gen immobilized in the nitrocellulose membrane. According to Tan (2011), antigen in the test line will selectively capture IgA anti dengue, 
so it can be detected at the beginning of infection even though its level is lower than ELISA [12].

Primary DVI showed a different results. In primary DVI, IgA anti dengue and IgM anti dengue has a similarity of serology pattern, but 
the presence of IgA anti dengue in the circulation is shorter than IgM anti dengue [9,10,18]. IgM anti dengue remains positive until day 
90, while IgA anti dengue until day 45 [9-11]. In endemic regions, the presence of IgM anti dengue for a long period of time will cause 
high false positive results [9].

The percentage of positive IgA anti dengue in DF and DHF was higher than IgM anti dengue and NS1, but showed a similarity results 
with IgG anti dengue. This similarity was due to switching mechanism in secondary DVI [19].

Diagnostic sensitivity of IgA anti dengue was 83.8% (67.3-93.2 CI 95 %), specificity was 81.1% (64.3 - 91.4 CI 95 %), PPV was 81.6% 
(65.1 - 91.7 CI 95%), and NPV was 83.3% (66.5 - 93.0 CI 95%). These results were similar with a previous study by Ahmed (2010), and 
Tan (2011) which found high sensitivity and specificity of IgA anti dengue using ASSURE, sensitivity of 99.4%, and 86.7%, respectively 
and specificity of 99.2%, and 86.05%, respectively [12,20]. Balmaseda (2008) reported different results in which the diagnostic sensitiv-
ity of IgA anti dengue was 69.4% and specificity of 93.3%. Possibly, this was due to majority samples in Balmaseda’s study dominated by 
primary DVI [19].

Sensitivity of IgA anti dengue in secondary DVI was better than primary DVI and was higher than IgM anti dengue because the activ-
ity of memory cells producing IgA anti dengue from the past infection and switching of IgM to IgG and IgA anti dengue in secondary DVI 
[17,21]. The high level of IgA and IgG anti dengue caused high chances to obtain positive result of the assay. Nawa (2005) found that IgA 
anti dengue response in secondary DVI was higher than primary DVI [11].

Positive result of IgA anti dengue can be found in non-DVI such as typhoid fever, leptospira or another Flavivirus infection. This false 
positive result possibly was caused by the high capacity character of nitrocellulose membrane in immunochromatography test that lead 
to cross reactivity with non-DVI antibody, or because of the similarity of the antigen epitope [21,22]. Negative result of IgA anti dengue 
in DVI patients can also happen. This probably was caused by the day of taking the samples was not appropriate with the sequence of 
the disease of DVI, or low level of IgA anti dengue so it was difficult to be detected. Negative result of IgA anti dengue can not exclude the 
diagnosis of DVI [11].

IgA anti dengue examination in this study used POCT immunochromatography method. The result was shown as a semi quantitative 
value in the IgA anti dengue commercial kit. The value consisted of 0.2, 0.5, 1.0, 2.0 and 3.0 [12]. ROC curve revealed that cut-off value 
of 0.2 had the best sensitivity and specificity, that was 83.8% and 81.1%, respectively. Indonesia as one of the endemic countries of DVI 
needed a diagnostic tool with high sensitivity and specificity. Cut-off value of 0.2 was optimal to differentiate between DVI and non-DVI 
patients.

The limitations of this study was that the samples were only taken once in the acute phase but not in the convalescence phase. Further 
study is needed to analyse the kinetics of IgA anti dengue in both primary and secondary DVI, using samples from acute and convales-
cence phases.
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Conclusion
IgA anti dengue examination using rapid test POCT showed a good performance, so it can be used as an early diagnostic tool for DVI, 

particularly in endemic regions with limited facilities. 
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